Abstract: While the abrupt onset of a peripheral visual cue usually leads to speeded responses to following targets at the cued relative to other positions, responses are slowed if targets lag behind the cue by more than~200 ms. This response delay is termed inhibition of return (IOR) and has been considered as a mechanism to orient behavior toward novel areas. IOR has been found in both detection and discrimination tasks with later onset in discrimination tasks, probably due to a higher processing demand. Here we examined whether the processing demand of cues can modulate IOR in the detection task. The task to the peripheral cues, either color or gap cues, was passive viewing in one session (single task) and discrimination in another session (dual task). The results showed that the time course of IOR was resistant to the cue processing, while the magnitude of IOR was increased when the processing load became larger in the dual task relative to the single task. These results indicate that IOR in target detection is both reflexive in that its temporal dynamics remain invariant, and flexible in that its magnitude is modulated by task requirement.
The different time courses of IOR in detection and discrimination tasks are explained by different task requirements on target processing (Klein, 2000; Klein, Castel, & Pratt, 2006; Lupiáñez & Milliken, 1999; Lupiáñez et al., 2001) . It has been further shown that depth of cue processing can modulate the onset time of IOR in localization and discrimination tasks (Gabay, Chica, Charras, Funes, & Henik, 2012) . However, there have been controversial evidences on the susceptibility of IOR to perceptual and cognitive influences from previous studies. On the one hand, IOR in detection tasks is resistant to modulations by temporal preparation (Milliken, Lupiáñez, Roberts, & Stevanovski, 2003) or cue predictability (Gabay & Henik, 2008) ; on the other hand, it is sensitive to cue-target similarity and cuetarget overlap (Collie, Maruff, Yucel, Danckert, & Currie, 2000) . Detection tasks, where only stimulus onset is processed, and discrimination tasks, which require detailed analysis of stimulus features, may employ different mechanisms (Srinivasan & Brown, 2006; Willis & Anderson, 1998) . Therefore, it is interesting to ask whether the cue processing can also modulate IOR and its time course in detection tasks as it does in discrimination tasks (Gabay et al., 2012) . Here, we addressed this issue by employing a detection task to targets while manipulating the cue processing demand by asking observers to either ignore or identify cue features. The relevant feature of peripheral cues was color in one session and orientation of a Landolt gap in another session. Our results showed a significant influence of cue processing demand on the magnitude of IOR but not on its time course, indicating that the development of IOR in target detection is relatively reflexive but its magnitude is subject to the task manipulation of cue processing.
Method Participants
Twenty-four observers participated in the experiment (11 females; age range: 18-38 years, median age = 23.5 years), and all had normal or corrected-tonormal visual acuity and normal color vision. All participants gave written informed consent before the experiments and they received moderate rewards for their participation. The experiments had been approved by the Committee for Protecting Human and Animal Subjects in the School of Psychological and Cognitive Sciences at Peking University and were in accordance with the Declaration of Helsinki.
Stimuli and procedure All stimuli were generated by a PC running MATLAB 7.0 with Psychophysics Toolbox extensions (Brainard, 1997) and were presented on a CRT monitor (Iiyama HM204DT, VisionMaster Pro514) with a refresh rate of 100 Hz. The background was set to black, and the fixation cross (0.2 × 0.2 ) was set to gray ( Figure 1A ). Each trial began with an 800-ms display of a fixation cross and two gray placeholders (square rings with a size of 1 × 1 ) followed by a 40-ms presentation of a peripheral cue. In the COLOR condition, the peripheral cue was a color change of one of the placeholders from gray to red or green, while in the GAP condition, one of the placeholders changed to a bright Landolt square ring with a 0.1 gap facing upward or downward. After the offset of the peripheral cue, there was an interval with variable durations (30, 60, 160, 310, 560, and 960 ms) in which only the fixation mark and the placeholders were presented, which was then followed by a yellow target disc (0.4 × 0.4 ) presented within one of the placeholders until the observer responded. The target appeared with equal likelihood within the same (cued) or the opposite (uncued) placeholder as did the peripheral cue. Thus, the cue did not convey any information about where the target would appear. The placeholders were positioned symmetrically at 5 left and right of the fixation cross. Each observer finished two task sessions successively. The first task was to detect the occurrence of the target by pressing a button using the left hand while ignoring the peripheral cue (SINGLE task). The second task was to both detect the target and discriminate the peripheral cue (DUAL task), where observers first made a quick response to the onset of the target using the left hand, and then judged the color in the COLOR condition or the gap position in the GAP condition of the peripheral cue by pressing one of two buttons using the right hand, in a manner counterbalanced across observers. In catch trials in each condition of each task, no target was presented and observers were instructed to withhold their responses, and the trial ended automatically after 1000 ms. A warning beep (1000 Hz) appeared for 100 ms whenever observers pressed the button before the target onset or during the catch trial. The inter-trial interval was randomly set to 1000-1400 ms.
Observers were seated in front of the screen with head on a chin rest and with a viewing distance of 57 cm. Each task session contained one block of COLOR cue and one block of GAP cue in an order counterbalanced across observers. Each block consisted of 192 target trials and 32 catch trials in random sequence. At the beginning of each block, observers performed 30-40 practice trials to get familiar with the task. Observers were instructed to fixate on the central cross during the task and take a short break after every 56 trials.
Results
Trials with response times (RTs) outside of 2 standard deviations of the mean or with physiologically impossible RTs (<120 ms) were excluded from further analysis. These trials accounted for 5.4% of the data. All observers successfully withheld their responses in catch trials of different tasks with different cue types (false alarm rate < 16%) except three males, whose data were thus excluded from further statistical analysis.
1 Accuracy of cue discrimination in the COLOR and GAP conditions in the DUAL task is shown in Figure 1B . Mean RTs were then calculated for each condition in each task, which are illustrated in Figure 2 . The IOR effect (RT at cued location − RT at Following the display of a fixation cross and placeholders, a peripheral cue was presented (a red or green square ring in the COLOR condition and a Landolt square with a gap facing upward or downward in the GAP condition). After a variable interval, a yellow disc appeared in one of the placeholders until response. In SINGLE task, observers responded to the onset of the target; in DUAL task, observers first detected the target and then judged the color or the gap position of the cue. (B) Accuracy of cue discrimination in COLOR and GAP conditions in DUAL task. The performance was significantly better in the COLOR than in the GAP condition. ***p < .005.
uncued location) for each experimental condition is shown in Table 1 . An analysis of variance (ANOVA) with factors of task (SINGLE and DUAL), cue type (COLOR and GAP), cue validity (cued and uncued), and SOA (70, 100, 200, 350, 600, and 1000 ms) was performed on the RT data. (Klein, 2000; Tassinari & Berlucchi, 1995) , cue validity interacted with SOA with an increased RT for cued relative to uncued targets at longer SOAs, F(5, 100) = 33.3, p < .001, η 2 p ¼ :63 (Figure 2 ). The change of RT along SOA was also affected by cue type and task, as indicated by interactions of Cue Type × SOA, F(5, 100) = 3.3, p < .01, η 2 p ¼ :14; Task × SOA, F(2.2, 44.9) = 13.2, p < .001, η 2 p ¼ :40; and Cue Type × Task × SOA, F(5, 100) = 6.9, p < .001, η 2 p ¼ :26. More interestingly, the interaction between task and cue-validity reached significance, F(1, 20) = 7.6, p < .05, η 2 p ¼ :28, showing that the increased RT to cued compared to uncued targets was larger in the DUAL relative to SINGLE task. There was also a triple interaction among cue type, cue validity, and SOA, F(5, 100) = 2.7, p < .05,η 2 p ¼ :12, suggesting that the cueing effect along SOA appeared different between COLOR and GAP cue conditions. To further clarify this triple interaction, we first pooled data from SIN-GLE and DUAL tasks and then calculated cueing effect by subtracting RT to cued targets from RT to uncued targets for different cue type and SOA conditions. Paired-samples t tests revealed significantly different cueing effects between COLOR and GAP conditions at short SOA of 100 ms, t(20) = 4.1, p < .005, but not at other SOAs (ps > .2), indicating that the cue type can modulate the facilitatory effect at short SOAs but not IOR at longer SOAs. These analyses suggest that cue processing can modulate the magnitude of IOR but has little influence on the onset time of IOR (around 200-350 ms, Figure 2) .
We further examined the details of this modulation by dividing the data into three groups: short SOAs (70 and 100 ms), median SOAs (200 and 350 ms), and long SOAs (600 and 1000 ms). It is obvious in Figure 2 that the cueing effect for short SOAs is more facilitative, that for long SOAs is inhibitory, and that for median SOAs reflects the transition from facilitation to inhibition. Separate ANOVAs were then conducted on three SOA groups with factors of task, cue type, cue validity, and SOA. For short SOAs, Task × Cue Validity, F(1, 20) = 4.4, p < .05, η It is worth noting that the increase of processing demand from SINGLE task (passive viewing) to DUAL task (discrimination) is larger for Gap cues than for COLOR cues, which could be explained by the pre-attentive nature of color discrimination (Treisman, 1988; Treisman & Gelade, 1980) and the resource-dependent nature of gap judgment (Montagna, Pestilli, & Carrasco, 2009; Woodman & Luck, 1999) . Our analysis of discrimination accuracies of peripheral cues also supported this discrepancy with respect to the processing demand in that lower performance values were obtained for GAP cues compared to COLOR cues (4) 15 (8) 10 (5) 600 21 (7) 26 (5) 39 (7) 30 (7) 1000 21 (5) 18 (5) 30 (8) 29 (9) Note. Standard errors of means are depicted in parentheses. IOR = inhibition of return; RT = response time; SOA = stimulus onset asynchrony.
( Figure 1B ). However, IOR magnitude was modulated by task (passive viewing vs. discrimination) instead of cue type (COLOR vs. GAP cues) in the current study, which might be explained by the processing-demand increase from COLOR discrimination to GAP judgment being not as strong as that from the SINGLE to DUAL tasks.
Discussion
By manipulating the task for the peripheral cues (passive viewing vs. discrimination) and their relevant features (color vs. gap position), the current study provided direct evidence for the relationship between the cueing effect and the cue processing demand. The results showed clear IOR in both the tasks with and without judgment of peripheral cues, as well as in both the conditions with color and gap cues, replicating previous findings (Gabay et al., 2012; Klein, 2000; Lupiáñez et al., 2001; Tassinari & Berlucchi, 1995) . More interestingly, the processing level of cues (e.g., discrimination vs. passive viewing) modulated the magnitude of IOR but not its time course, contrary to predictions from previous observations (Gabay et al., 2012; Klein, 2000) . Although a separate analysis revealed better discrimination performance for color cues than that for gap cues in the DUAL task, the difference of processing demands between judgments of color and gap position of cues was not as big as that between passive viewing and discrimination of cues to evoke significantly larger IOR in the GAP than in the COLOR conditions. Nevertheless, our results clearly demonstrate that the time course of IOR in target detection elicited by the abrupt onset of peripheral cues happens relatively reflexively and is difficult to be altered unlike the magnitude of IOR under situations with different cue processing levels. In the current study, with different tasks to cues and targets, the competition decreased and the RT cost would be alleviated or even reversed by attentional effect leading to facilitation (Figure 2 ). Also noticed in Figure 2 is the lack of facilitation at short SOAs for COLOR cue with DUAL task, which is probably due to confusion/cost by the color dimension of both cue (red or green) and target (yellow) with the task requirement of judging cue color. With a gap cue, there was less overlap between the features of cue and target and hence less cost, leading to manifest facilitation effect at short SOAs both in SINGLE and DUAL tasks. Compared to detection tasks, IOR in discrimination tasks has been observed to be delayed (Cheal et al., 1998; Lupiáñez & Milliken, 1999; Lupiáñez et al., 1997 Lupiáñez et al., , 2001 Pratt, 1995; Pratt & Abrams, 1999) . Attentional dwell time (Klein, 2000) , object integration window (Lupiáñez & Milliken, 1999; Lupiáñez et al., 2001) , and the association between the locus coeruleus-norepinephrine system and selective attention (Gabay et al., 2012) have been attributed to the delayed onset of IOR in discrimination tasks, and suggest that the processing level of cues can modulate the time course of IOR (Gabay et al., 2012) . However, we did not find similar modulation of the onset time of IOR by cue processing demand in the detection task, which was employed in the first demonstration of IOR (Posner & Cohen, 1984) and has been widely examined in more recent studies (Bao et al., 2011; Fischer et al., 2003; Hunt & Kingstone, 2003; Klein, 2000; Tassinari & Berlucchi, 1995) . The lack of a cue processing effect on the time course of IOR in detection tasks likely reflects different attentional mechanisms involved in detecting and discriminating targets. As documented for decades, different aspects of a visual stimulus, such as luminance, form, and color, are processed by separate, parallel neural channels, from retina to higher visual cortical areas (Kaplan, 2004; Livingstone & Hubel, 1988) . Such independent visual pathways could also activate different attentional mechanisms (Morrone, Denti, & Spinelli, 2002) , modulating the neural activities in different regions of the cortex that are specialized for processing the selected features (Corbetta, Miezin, Dobmeyer, Shulman, & Petersen, 1991) . With respect to the signal processing, transient versus sustained attentional mechanisms have been conceptualized for some time (Jonides, 1981; Nakayama & Mackeben, 1989) . Transient onset signals of stimuli are critical in target detection, whereas sustained signals encoding task-relevant features are important in target discrimination. This different emphasis of signal processing, homologous to the information processing along magnocellular and parvocellular pathways of the primate visual system (Kaplan, 2004) , may also activate separate attentional orienting systems with different levels of reflexiveness. It is highly possible that target detection and target discrimination are modulated by attentional systems activated by transient and sustained signals, respectively, regardless of the task on cue being detection or discrimination. As a support for the dissociation of target detection and discrimination, IOR in detection tasks has been observed to be reflexive and not modulated by higher volitional processes, such as temporal preparation (Milliken et al., 2003) or cue predictability (Gabay & Henik, 2008) . The absence of influence on the time course of IOR in the current study is also well in line with those observations, which are in contrast to the susceptibility of IOR in discrimination tasks influenced by temporal expectancy (Gabay & Henik, 2010) and cue processing level (Gabay et al., 2012) . These findings together may reveal the distinct mechanisms responsible for IOR, at least for its time course, in detection and discrimination tasks, with the former being reflexive and the latter being subject to modulation. It will be an interesting topic to unveil the detailed neural pathways involved in IOR effect in detection and discrimination tasks in future studies.
The magnitude of IOR in the current study was indeed modulated by task requirement on peripheral cues, echoing previous findings that cue target similarity and cue target overlap could affect IOR in detection tasks (Collie et al., 2000) . When a cue needs deeper processing, for example, in the task of discrimination compared to detection, more resources of spatial attention are allocated to the cue (Chen et al., 2008) , which in turn increases the IOR effect when attention finally moves away from the cued position at long SOAs. In this regard, another dissociation of mechanisms underlying the IOR effect in detection tasks is hypothesized besides the separate IOR mechanisms for target detection and discrimination. One is for controlling the amount of attentional resources and is subject to the modulation by perceptual load or perceptual processing demand; the other is responsible for attentional allocation in time and is relatively reflexive. Although the dependence of IOR on cue target similarity and cue target overlap can also be explained by an altered IOR time course in detection tasks (Collie et al., 2000) , our results confirmed the dissociated effects of cue processing on the magnitude and on the time course of IOR.
Taken together, the current study provides evidence that the task demand of a peripheral cue has little effect on the onset of IOR but can profoundly modulate the magnitude of IOR. We believe it is the first study in which the influence of cue processing on IOR in a detection task has been directly measured by manipulating the processing demand of the cue. The result has important theoretical implications and points to a dissociation of attentional mechanisms for target detection and discrimination as well as a disentanglement of mechanisms controlling attentional resources and attentional allocation in time.
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